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Nitrogen Atom Effect on Reactivity of the Localized Singlet 1,3-Diradicals 
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໬Ꮫ཯ᛂ࡟ࡣࠊ㛢Ẇࡢ࢖࢜ࣥᑐࡀ௓ᅾࡍࡿ࣊ࢸࣟࣜࢩࢫ㐣⛬࡜㛤Ẇᛶࢆࡶࡘ୍㔜㡯ࣛࢪ࢝ࣝᑐࡀ
௓ᅾࡍࡿ࣍ࣔࣜࢩࢫ㐣⛬ࡀ▱ࡽࢀ࡚࠸ࡿࠋ୍㔜㡯ࣛࢪ࢝ࣝᑐࡣ㧗࠸཯ᛂᛶࡢࡓࡵᴟࡵ࡚▷ᑑ࿨࡞໬
Ꮫ✀࡛࠶ࡾࠊࡇࢀࡲ࡛ࠊࡑࡢ໬Ꮫⓗᛶ㉁ࢆᐇ㦂ⓗ࡟ᤊ࠼ࡿࡇ࡜ࡣᅔ㞴࡜ࡉࢀ࡚ࡁࡓࠋᙜ◊✲ᐊ࡛ࡣࠊ
ࡇࢀࡲ࡛࡟ࠊศᏊෆ࡟୍㔜㡯ࣛࢪ࢝ࣝᑐᵓ㐀ࢆࡶࡕࠊ㏿ᗘㄽⓗ࡟Ᏻᐃ໬ࢆཷࡅࡓᒁᅾ໬୍㔜㡯ࢪࣛ
ࢪ࢝ࣝ S-1 ࡟╔┠ࡋࠊࡑࡢ཯ᛂᣲື࡟ཬࡰࡍ⨨᥮ᇶຠᯝࡸඖ⣲ຠᯝࢆㄪᰝࡋ࡚ࡁࡓࠋᮏ◊✲࡛ࡣࠊ
୍㔜㡯ࢪࣛࢪ࢝ࣝ S-2 ࡢ
཯ᛂᣲື࡟ཬࡰࡍ❅⣲ຠ
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࠙⎔໬཯ᛂࠚ  
 ㏻ᖖࠊ཯ᛂᛶࡢ㧗࠸୍㔜㡯ࢪࣛࢪ࢝ࣝࡣ σ⤖ྜ✀ࡼࡾ࢚ࢿࣝࢠ࣮ⓗ࡟୙Ᏻᐃ࡞໬Ꮫ✀࡛࠶ࡿࡓࡵࠊ
୍㔜㡯ࢪࣛࢪ࢝ࣝ࠿ࡽ σ ⤖ྜ✀࡬ࡢ୍᪉ྥ཯ᛂࡢࡳࡀほ ࡉࢀࡿ(ᘧ 1)ࠋ࡜ࡇࢁࡀࠊࣛࢪ࢝ࣝ㞄᥋
㒊఩࡟❅⣲ཎᏊࢆࡶࡘ୍㔜㡯ࢪࣛࢪ࢝ࣝ S-2 ࡢሙྜࠊS-2 ࡜ σ ⤖ྜ✀ 3 ࡢ⇕ᖹ⾮㐣⛬  (K = k3/k2)ࢆ᫬
㛫ศゎศගἲ࡟ࡼࡗ࡚┤᥋ほ ࡛ࡁࡿࡇ࡜ࡀࢃ࠿ࡗࡓ (ᘧ 2)ࠋࡑࡢ୍㔜㡯ࢪࣛࢪ࢝ࣝࡢ཯ᛂᛶ࡟ཬ
ࡰࡍ❅⣲ඖ⣲ຠᯝ࡜⤖ྜ࣍ࣔࣜࢩࢫ㐣⛬ࡢᶵᵓࢆ᫂ࡽ࠿࡟ࡍࡿࡓࡵࠊ࢔࣮ࣜࣝᇶ(Ar)࡟㟁Ꮚ౪୚ᛶ
⨨᥮ᇶ(4-MeO-C6H4, 4-Me-C6H4, 4-F-C6H4)ࠊ㟁Ꮚồᘬᛶ⨨᥮ᇶ(4-Br-C6H4, 4-Cl-C6H4)ࢆࡑࢀࡒࢀᑟධ
ࡋࠊ␗࡞ࡿᴟᛶࢆᣢࡘ㠀ࣉࣟࢺࣥᛶ⁐፹୰࡛ࡑࢀࡒࢀ㐣Ώ྾཰ࢫ࣌ࢡࢺࣝ ᐃࢆ
⾜ࡗࡓࠋᚓࡽࢀࡓ K, k2, k3࡜࣋ࣥࢪࣝ఩ࡢ࢖࢜ࣥᛶࢆホ౯࡛ࡁࡿ σp+ࠊ࠾ࡼࡧࠊ
ࣛࢪ࢝ࣝᛶࢆホ౯࡛ࡁࡿ σC.࡜ࡢ┦㛵ࢆㄪᰝࡋࡓ(ᅗ 1)ࠋ࠸ࡎࢀࡢ⣔࡟࠾࠸࡚ࡶ
Ar= 4-H-C6H4࡜ẚ㍑ࡋ࡚ᖹ⾮ᐃᩘ K ࡢῶᑡࢆほ ࡋࡓࡀࠊ㟁Ꮚồᘬᛶ⨨᥮ᇶࢆ
ᑟධࡋࡓሙྜࠊࡑࡢ⨨᥮ᇶຠᯝࡣ σC.࠿ࡽண ࡉࢀࡿ್ࡼࡾࡶ኱ࡁࡃࠊ୍㔜㡯ࢪ
ࣛࢪ࢝ࣝࡣ⣧⢋࡞ࣛࢪ࢝ࣝᛶࡔࡅ࡛ࡣ࡞ࡃࠊ཮ᛶ࢖࢜ࣥᛶࡢ㔜せ࡞ᐤ୚ࡀ࠶ࡿࡇ
࡜ࡀᐇ㦂ⓗ࡟ุ᫂ࡋࡓ(ᅗ 1a,d)ࠋ⯆࿡῝࠸ࡇ࡜࡟ࠊ࢔࣮ࣜࣝᇶ࡟㟁Ꮚ౪୚ᛶ⨨᥮

ᅗ 1. Hammett type ࣉࣟࢵࢺ ; ᖹ⾮ᐃᩘ Kࠊྛ཯ᛂ㏿ᗘᐃᩘ k2, k3࡜⨨᥮ᇶࣃ࣓࣮ࣛࢱ࣮σp+, σC.࡜ࡢ┦㛵  

S-2 ࡢᴟ㝈ᵓ㐀  
ᇶࢆᑟධࡋࡓ㝿ࠊ↓ᴟᛶ⁐፹୰࡜ẚ㍑ࡋ࡚ᴟᛶ⁐፹୰࡛ࡣࠊK ࡀᑠࡉࡃ࡞ࡿ࡟ࡶ࠿࠿ࢃࡽࡎ k3ࡢቑ
኱ࢆほ ࡋࡓ(ᅗ 1b,e)ࠋࡇࢀࡣ㛢⎔࡟క࠺㑄⛣≧ែ(TS)ࡢ࣋ࣥࢪࣝ఩ࡀ S-2 ࡼࡾࡶ┦ᑐⓗ࡟࢝ࢳ࢜
ࣥᛶࢆᖏࡧࠊ㟁Ꮚ౪୚ᛶ⨨᥮ᇶ࡟ࡼࡗ࡚ TS ࡀᏳᐃ໬ࢆཷࡅࡓࡇ࡜࡟㉳ᅉࡍࡿࠋ୍᪉ࠊ࢔࣮ࣜࣝᇶ
࡟㟁Ꮚồᘬᛶ⨨᥮ᇶࢆᑟධࡋࡓ㝿ࠊ↓ᴟᛶ⁐፹୰࡜ẚ㍑ࡋ࡚ᴟᛶ⁐፹୰࡛ K ࡢῶᑡ࡜࡜ࡶ࡟ k3ࡶᑠ
ࡉࡃ࡞ࡿࡇ࡜ࢆほ ࡋࡓࠋࡇࢀࡣ S-2 ࡢඹ㬆ᵓ㐀࡛࠶ࡿ཮ᛶ࢖࢜ࣥ ZI ࡢᐤ୚࡟ࡼࡾᴟᛶ⁐፹୰࡛
S-2 ࡢᏳᐃ໬ࡀ⏕ࡌࠊσ ⤖ྜ✀ࢆ୚࠼ࡿάᛶ໬㞀ቨࡀቑ኱ࡋࡓࡓࡵ࡛࠶ࡿࠋ  
 
࠙࢔ࣝࢥ࢟ࢩᇶ㌿఩཯ᛂࠚ  
 ୍㔜㡯ࢪࣛࢪ࢝ࣝ S-2 ࢆ⏕ࡌࡿ࢔ࢰ࢔ࣝ࢝ࣥ 4
ࡢග⬺❅⣲཯ᛂ࡛ࡣࠊ3 ࡣ༢㞳ࡉࢀࡎࠊ࢔ࣝࢥ࢟
ࢩᇶ㌿఩య 5 ࡜ 6 ࡢ⏕ᡂࡀ☜ㄆࡉࢀࡓࠋ⯆࿡῝࠸
ࡇ࡜࡟ࠊ୺⏕ᡂ≀ࡣ toluene ୰࡛ 5ࠊacetonitrile ୰
࡛ࡣ 6 ࡛࠶ࡾࠊ≉࡟ࡑࡢ⏕ᡂẚ࡟ཬࡰࡍ⃰ᗘຠᯝ
ࡣࡳࡽࢀ࡞࠿ࡗࡓ  (5a/6a = 7/3 in toluene, 3/7 in 
acetonitrile)(ࢫ࣮࣒࢟ 1)ࠋࡑࡢ㌿఩཯ᛂࡢᶵᵓࢆゎ᫂ࡍࡿ
ࡓࡵࠊ࢔ࢰ࢔ࣝ࢝ࣥ 4a ࡜ 4b ࢆ⏝࠸ࡓࢡࣟࢫ࣮࢜ࣂ࣮ᐇ
㦂ࢆヨࡳࡓࠋࡑࡢ⤖ᯝࠊ5 ࡟ࡣࢡࣟࢫ࣮࢜ࣂ࣮⏕ᡂ≀ࡀ
ほ ࡉࢀࠊ6 ࡟ࡣほ ࡉࢀ࡞࠿ࡗࡓࠋࡋࡓࡀࡗ࡚ࠊ5 ࡢ⏕
ᡂࡣࠊS-2 ࡜⇕ᖹ⾮࡟࠶ࡿ୕㔜㡯ࢪࣛࢪ࢝ࣝ T-2 ࠿ࡽ C-O
⤖ྜࡀ࣍ࣔࣜࢩࢫ㛤⿣ࡋࠊ୕㔜㡯ࣛࢪ࢝ࣝ࣌࢔ T-PRs ࡀ
⏕ࡌࠊ㡯㛫஺ᕪ(ISC)ᚋࠊ࢔ࣝࢥ࢟ࢩᇶ㌿఩཯ᛂ࡛⏕ᡂࡍ
ࡿ࡜࠸࠺ᶵᵓࡀ♧ࡉࢀࡓ (ࢫ࣮࣒࢟ 2)ࠋࡇࡢᶵᵓࡣࠊࢫࣆ
ࣥࢺࣛࢵࣉἲࢆ⏝࠸ࡓࣛࢪ࢝ࣝ RPCࡢᤕᤊᐇ㦂࡟ࡼࡗ࡚
ᨭᣢࡉࢀ࡚࠸ࡿࠋḟ࡟ࠊS-2 ࡢ࢔ࣝࢥ࢟ࢩᇶ㌿఩཯ᛂࡢ
࣏ࢸࣥࢩ࢚ࣕࣝࢿࣝࢠ࣮᭤㠃࡟㛵ࡍࡿ▱ぢࢆᚓࡿࡓࡵࠊ
⏕ᡂ≀㑅ᢥᛶ(5/6)࡟ཬࡰࡍ ᗘ౫Ꮡᛶ࡟㛵ࡍࡿㄪᰝࢆ⾜
ࡗࡓ(ᅗ 2a)ࠋࡑࡢ⤖ᯝࠊ36℃௜㏆ࢆቃ࡟ 5a ࡜ 6a ࡢ⏕ᡂ
ẚ⋡ࡀ㏫㌿ࡍࡿᣲືࢆほ ࡋࡓ(5a/6a = 62/38 at 308 K, 
9/91 at 311 K)ࠋࡇࢀࡣ᫂ࡽ࠿࡟άᛶ໬࢚ࣥࢺࣟࣆ࣮(ΔS‡)
ࡀ཯ᛂᶵᵓࡢ㔜せ࡞ᙺ๭ࢆᢸࡗ࡚࠸ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ
ὀព῝ࡃ ᐃ᮲௳ࢆタᐃࡋࡓ⤖ᯝࠊྛ࢔ࣝࢥ࢟ࢩᇶ㌿఩
యࢆ୚࠼ࡿάᛶ໬ࣃ࣓࣮ࣛࢱ࣮ࢆಶࠎぢ✚ࡶࡿࡇ࡜࡟ᡂ
ຌࡋࡓ(ᅗ 2b)ࠋ5ࠊ6 ࢆ୚࠼ࡿ཯ᛂ⤒㊰ࡢᚊ㏿ẁ㝵ࡣࠊࡑ
ࢀࡒࢀࠊSinglet → Triplet ࡬ࡢ㡯㛫஺ᕪ㐣⛬(log(A/s-1) = 
5.5)ࠊC-O ⤖ྜ㛤⿣㐣⛬(log(A/s-1) = 12.9)࡛࠶ࡿࡇ࡜ࡀ᫂
ࡽ࠿࡜࡞ࡗࡓࠋ  
 
ࢫ࣮࣒࢟ 1. ࢔ࢰ࢔ࣝ࢝ࣥ 4 ࡢග⬺❅⣲཯ᛂ 


ᅗ 2. (a)⏕ᡂ≀ẚ⋡࡟ཬࡰࡍ ᗘ౫Ꮡᛶ  
(b)Eyring plot; ln(kslow/T) versus 1/T 
ࢫ࣮࣒࢟ 2.  ࢔ࣝࢥ࢟ࢩᇶ㌿఩య 5,6 ࡢ⏕ᡂ཯ᛂᶵᵓ  i. 㡯㛫஺ᕪ(S Ѝ  T) : log(A/s
-1) = 5.5 
ii. C-O ⤖ྜ࣍ࣔࣜࢩࢫ㛤⿣  
iii. 㡯㛫஺ᕪ  (T Ѝ  S)ࠊ୍㟁Ꮚ⛣ື  
iv. C-O ⤖ྜ㛤⿣ : log(A/s-1) = 12.9 
